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Abstract The Guatemalan Copper, Jophanus pyrrhias, is found in Guatemala and southern 
Mexico. There are no closely related species in the Neotropical and Nearctic regions, and therefore 
it is of interest to study this species from a biogeographical point of view. In order to elucidate the 
life history of I. pyrrhias, the habits and immature stages were studied on two occasions in the 
Guatemalan Highlands. We describe the morphology and behaviours of all life stages in the 
species, and compare our findings with previous notes made and published by earlier researchers. 
We record Muehlenbeckia tamnifolia, occurring along the Andes in Central and South America, as 
its hostplant. 
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Introduction 


The Guatemalan Copper, Jophanus pyrrhias (Godman & Salvin), is distributed in Guatemala 
and southern Mexico, and is well known as the only Neotropical species in the Lycaeninae, 
a subfamily of the Lycaenidae that contains some 100 nominal species (Bozano & 
Weidenhoffer, 2001; Yago & Saigusa, 2002). Although 16 lycaenine species occur in the 
Nearctic region, J. pyrrhias seems to have no allied species in the Americas, according to 
morphological characters of the wing markings and male genitalia (Miller & Brown, 1979; 
Sibatani, 1974; Yago & Saigusa, 2000; Yago & Saigusa, 2002). Therefore, as suggested by 
previous researchers (Sibatani, 1974; Miller & Brown, 1979), it is of much interest to clari- 
fy the historical phylogeography of 7. pyrrhias. However, available data relating to the life 
history sheds little light on phylogenetic and biogeographical aspects of its biology. As far 
as we know, there are only short biological notes on this species (Draudt, 1920; Miller & 
Brown, 1979; D’ Abrera, 1995; De la Maza, 1987). 


For the purpose of elucidating the life history of I. pyrrhias, we investigated the adults and 
immature stages of the species in Chimaltenango, Guatemala, where previous researchers 
have also worked (Miller & Brown, 1979). We found eggs, larvae and adults of the species 
in the field, but the pupal stage was only observed when the species was reared in captivity. 
Here we describe the morphological and ecological characteristics of I. pyrrhias, and com- 
pare our findings with previous reports. We also discuss the similarities to and differences 
from other lycaenine species, based on the morphology of the immature stages, and show 
the new data to clarify, to some extent, the phylogeographical and evolutionary processes 
relating to this species. 
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Fig. 1. Views of Volcan Acatenango (right) and Volcán Fuego (left) from a market of Antigua. 


Materials and Methods 


The adults and early stages of /. pyrrhias were searched for in the field by the first and sec- 
ond authors. The research was conducted at Acatenango (alt. 2,200 m), Chimaltenango, 
Guatemala from August 1st-7th 2005 and from March 22nd-26th 2006. Volcán Acatenango 
(3,976 m) is located to the west of Antigua and is one of the active volcanoes in the 
Guatemalan Highlands (Fig. 1). Although there are comparatively distinct rainy (May- 
October) and dry (November-April) seasons in this area, the highlands are characterized by 
a consistently cool sub-alpine climate with chilly nighttime temperatures. High altitudes of 
the mountain are associated with volcanic ashes and sandy soils, with pine-forested slopes 
up to the tree line at about 3,800 m. The mid-slope of the mountain, where Z. pyrrhias and 
its hostplant were observed, is covered primarily by humid cloud forests. We also found 
some other polygonaceous plants, possibly also hostplants, at the study site. The scientific 
names of plants were determined by the third author. 


When adults or early stages were found, we recorded the individuals in situ using two digi- 
tal cameras, a Konica Minolta DiMage X50 and a Nikon D70 with a micro lens (Nikon AF 
Micro Nikkor 60 mm). The body lengths of all the larval instars were measured just before 
diapause. Because we could not find any pupae, larvae were reared at the study site to the 
pupal stage in an outdoor cage (25 cm diameter, 32 cm height), which was made of a nylon 
net with a circular wire frame at the top and bottom. The cage was hung about 50 cm above 
the ground and the bottom was attached to a living hostplant, covering its apical part. After 
rearing the larvae and recording the pupae, the latter were released in the field. 


Results 


Eggs (Fig. 2). Approximately 0.6 mm (n = 3) in diameter, white, hemispherical, flattened 
basally and covered with ridged reticulations. Micropylar area rather small and deeply de- 
pressed in central axis of egg dorsally. Remaining reticulate surface composed of concave 
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chorionic cells and thick prominent ridges. Chorionic cells depressed, cup- or rice-ball- 
shaped and usually surrounded by three intersected nodular processes and three-sided chori- 
onic ridges. In dorsal view chorionic cells radiate in a spiral shape from the central axis, and 
are somewhat larger and deeper on submarginal portion, but in lateral view gradually shal- 
lower and smaller toward the lower portion. 


The eggs are usually laid singly on the upperside of comparatively young leaves of the host- 
plant. Our observations show that the eggs have a comparatively high percentage (about 50 
%) of parasitism by braconid wasps in the study site. 


Larvae (Figs 3-5). Onisciform, as in most lycaenids; remarkably flattened in earlier instars 
and with slight body color variation in each instar. First instar larva approximately 2 mm (n 
= 3) in length, pale green, flattened dorsally and with mid-dorsal line somewhat edged (Fig. 
3). Second and third instars flattened but slightly swollen dorsally, and showing body color 
variations from evenly light green to light green with red mid-dorsal line and a pair of pale 
yellowish subdorsal lines (Fig. 4). Second instar about 3.5 mm (n = 3) and third instar about 
8.5-9 mm in length. Final instar larvae evenly bright green, rather slender and somewhat 
hemi-cylindrical (Fig. 5). Body length of final instar 12.5-13.5 mm (n = 3). 


Our observations show that the larvae rest mainly on the underside of leaves of the host- 
plant throughout the larval stage. In the final instar they are occasionally found on the up- 
perside when the leaf is upright. When feeding on leaves of the hostplant, the larvae leave 
an irregular patchwork of feeding marks on the underside of the leaf and do not disturb the 
upper epidermis of the leaf. However, final instar larvae often eat large holes in the leaves or 
they may consume the entire leaf. The larvae are not associated with ants in any larval in- 
star. 


Pupae (Figs 6-7). Similar to other lycaenine species; slightly rough, squat, rather gourd- 
like dorsally but somewhat flattened ventrally, covered with trumpet-shaped minute setae on 
external surface except for ventral portion and wings. Body color reddish brown dorsally 
but somewhat paler ventrally, with three rows of fine black spots arranged mid-dorsally, 
subdorsally and ventrolaterally, from mesothorax to abdominal segment 9; wings creamy 
brown on ground color, variably spotted and mottled with dark brown, which is extensive 
dorsally; spiracles black. Pupa attached to silk mat spun on dead leaf by metathoracic silk 
girdle and anal hooks. Pupal length 9-9.5 mm (n = 3). 


Adults (Figs 8-10). Wing shape as in thecline species. Forewing triangular, apex rather 
acute; hindwing tailed at tip of vein 2 and prominently lobed at tornal area. Female wing 
shape similar to male, but somewhat rounded and transversely widened in both wings. Male 
upperside deep purple with narrow costal and outer marginal black borders. Female upper- 
side dark brown, blue-purple basally, and with large, elliptical, faint orange discal patch tra- 
versed by two black lines on forewing. Hindwing upperside with orange submarginal 
lunules in both sexes. Undersides of both sexes cryptic; forewing rosy brown with ochreous 
patch traversed by three dark brown lines; hindwing mottled with dark brown and rosy 
brown. Forewing length 13-14.5 mm (n = 3) in male and 13 mm (n = 3) in female. 


Habitat (Figs 11-13). This species frequents grassy fields, pastures, forest clearings and 
forest fringes along a mountain path in a narrow valley surrounded by dense bushes (Figs 
11-12). The males fly slowly, close to the ground, in sunlit patches and imbibe fluids from 
mud-puddles or horse-dung between 09:00 and 12:00 (Figs 8, 10). During warm sunny 
weather males show territorial behavior, using shrubs 0.5 m to 2 m high as perches. The 
hostplant grows under bushes or at forest edges along the mountain path or in the pastures 
(Fig. 13). Females are found on or near the hostplants during the day (Fig. 9). 
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Figs 2-9. Immature and adult stages of Jophanus pyrrhias. 2. Egg, dorsolateral view. 3. First instar 
larva, dorsal view. 4. Third instar larva, dorsal view. 5. Final (fourth) instar larva, dorsal 
view. 6. Pupa, dorsal view. 7. Pupa, lateral view. 8. Male adult settling on a leaf. 9. Female 
adult basking in the sun. 
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Figs 10-17. Adults, habitats and hostplants of Jophanus pyrrhias. 10. Male adults sucking up water 
on the ground. 11-12. Habitats of male adults. 13. Habitat of female adults with hostplant. 
14-15. Hostplant, Muehlenbeckia tamnifolia (Polygonaceae). 16. Rumex acetosella 
(Polygonaceae). 17. Rumex obtusifolius (Polygonaceae). 
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Hostplant (Figs 14-15). At our study site females were observed laying eggs on compara- 
tively young leaves of Muehlenbeckia tamnifolia Meisn. (Polygonaceae). All eggs and lar- 
vae that we found were also discovered on Muehlenbeckia plants. Muehlenbeckia tamnifo- 
lia is distributed from Mexico to Argentina, along the Andes mountain range. 


Discussion 


From two surveys conducted at our study site we discovered all of the life stages of 7. 
pyrrhias, although pupae were reared but not found in the wild (Figs 2-10). The immature 
stages and adult female of the species are probably described or illustrated for the first time 
in this study. 


Concerning the habitat of /. pyrrhias, Draudt (1920) and D'Abrera (1995) noted that it oc- 
curs at altitudes between 6,000 and 7,000 feet (1,830-2,130 m) in montane Guatemala, flies 
close to the gound and is fond of alighting on pig droppings. According to De la Maza 
(1987) this species occurs in mountainous, fagaceous-pinaceous, temperate forests of 
Chiapas (Mexico) in August. As mentioned in the results section of this study, we observed 
the species in almost the same situation and habitats. Thus, previous reports are not inconsist- 
ent with our own observations. 


We investigated the life history of I. pyrrhias in August 2005 and March 2006. In the first 
survey, in summer, the egg, larval and adult stages were observed in the field (Figs 2-5, 
8-10). In the second survey, in early spring, the second author could not find the adults due 
to a long spell of bad weather but confirmed the egg and larval stages on the hostplant. 
Although De la Maza (1987) noted that the flight period of this species is restricted to 
August, the actual flight period seems to extend over multiple broods. 


In lycaenine species, the most detailed study on morphology of immature stages is that by 
Wright (1983). He investigated the ultrastructure of eggs, larvae and pupae of a Nearctic ly- 
caenine species, Epidemia epixanthe (Boisduval & Le Conte), using a scanning electron mi- 
croscope. Other detailed studies of immature stages are those of the South African Lycaena 
orus (Stoll) and Lycaena clarki Dickson by Clark & Dickson (1971). In addition, scanning 
electron micrographs of eggs were published by Miller & Brown (1979) for the Nearctic 
Epidemia helloides (Boisduval), Epidemia dorcas (Kirby) and the Holarctic Lycaena 
phlaeas (Linnaeus). Other studies of the immature stages of Lycaeninae include those in 
New Zealand by Gibbs (1980) [Helleia salustius (Fabricius), Helleia feredayi (Bates) and 
Boldenaria boldenarum (White)] those in the Palaearctic by Henriksen & Kreutzer (1982) 
[Heodes virgaureae (Linnaeus), Heodes tityrus (Poda von Neuhaus), Palaeochrysophanus 
hippothoe (Linnaeus) and L. phlaeas]. Fukuda et al. (1986) studied the immature stages of 
L. phlaeas and Igarashi & Fukuda (1997) the Palaearctic T. dispar, and the SE Asian 
Heliophorus kiana (Grose-smith) and Heliophorus ila (de Nicéville). Yago et al. (2005) re- 
ported and illustrated the early stages of the SE Asian Heliophorus indicus (Fruhstorfer) 
and Heliophorus delacouri Eliot. 


Our study showed that, compared with the immature stages of some lycaenine species from 
these previous studies, the egg of I. pyrrhias resembles those of Heliophorus species in the 
smaller chorionic cells and thicker chorionic ridges (Igarashi & Fukuda, 1997; Yago et al., 
2005). However, it differs in having more chorionic cells and somewhat smaller nodular 
processes. In appearance, the larva of J. pyrrhias is very similar to those of Heliophorus 
species in body shape, in that younger instars are flattened dorsally and the final instar is 
somewhat slender. As for the pupal morphology, I. pyrrhias has many trumpet-like setae in 
common with other species in the Lycaeninae. The pupal shape and color pattern does not 
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resemble that of other lycaenine species, although the dark brown body color is shared with 
the pupae of L. phalaeas, H. tityrus and T. dispar. Although we do not know whether the 
character states mentioned above are apomorphic or not, overall 7. pyrrhias appears to be 
more similar to Heliophorus species than the other lycaenine genera for which the im- 
mature stages are well known. However, the pupal morphology of Heliophorus species is 
quite different from that of J. pyrrhias, especially in that the body color is light green and 
the abdomen is roundly swollen (Igarashi & Fukuda, 1997; Yago et al., 2005). The under- 
sides of the wings of both sexes and the upperside of the male of 7. pyrrhias are similar to 
those of Papua New Guinean Melanolycaena species, and the female upperside is close to 
those of Chinese-Himalayan Helleia species. Future research by us will therefore focus on 
the immature stages of both Melanolycaena and Helleia species. 


Hitherto, a species of Rumex (Polygonaceae) has been recorded as a hostplant of J. pyrrhias 
(Miller & Brown, 1979). However, eggs, larvae and egg-laying females were discovered 
only for Muehlenbeckia tamnifolia (Polygonaceae) in the present study (Figs 14-15). At our 
study site two introduced Rumex species, Rumex acetosella L. and Rumex obtusifolius L., 
were found in the habitat of 7. pyrrhias (Figs 16-17) but these plants were not utilized as 
hostplants by 7. pyrrhias. In Guatemala there are native Rumex plants, such as Rumex mexi- 
canus Meisn. and Rumex chrysocarpus Moris (= Rumex berlandieri Meisn.), which are en- 
demic to Guatemala, Mexico and the southern part of the USA (Standley & Steyermark, 
1946). A worthwhile extension of this study would be to investigate whether J. pyrrhias 
feeds on these endemic plants. Judging from the known hostplant, Jophanus pyrrhias may 
be closely related to Papua New Guinean Melanolycaena species. In fact, Sibatani (1974) 
noted that the Melanolycaena species feed on another plant of the same genus, 
Muehlenbeckia monticola Pulle & Danser. In addition, he also suggested that the 
Melanolycaena species are similar to J. pyrrhias in regard to external morphology of the 
adults, particularly the wing markings and the male foreleg tarsus. 


Miller and Brown (1979) noted that, as suggested from its distribution, 7. pyrrhias is the 
most primitive survivor of the Cretaceous-Tertiary invasion of the New World, and that it is 
found in the same region where Anetia (the most primitive danaid) and Baronia (the most 
primitive papilionid) occur. However, de Jong (2003) doubted this hypothesis, and denied a 
Gondwanan origin for Australian butterflies, based on fossil and molecular evidence. In any 
case, phylogenetic relationships among lycaenine genera are not yet clear, even though 
there are analyses of the Nearctic genera (Miller & Brown 1979) and the Holarctic genera 
(Zhdanko, 2000) that are based on morphological characters. Given the paucity of informa- 
tive biological and morphological data gained from the present study of I. pyrrhias, further 
work is needed in order to elucidate the historical phylogeography of the species, in particu- 
lar by analysis of DNA sequence data within the subfamily Lycaeninae. 
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摘 要 


グ ァ テ マラ クロ ベニ ンジ ミ の 生活 史 ( 矢 後 勝也 ・ 宮 川 Se + BELL 潤 ・Mark Williams) 


ベニ シジミ 亜 科 (あるいは ベニ シジミ 族 ) で 唯一 の 中 米 種 で ある グ ァ テ マラ クロ ベニ シジミ は , メ キシ 
コ 南 部 か ら グ ァ テ マラ の 高 標高 地 に の み 生 上 息 し , 北米 に 産 す る ベニ シジミ 類 16 種 と は 近 縁 性 が 見 られ 
な い 稀 種 で ある . そのため , 本 種 の 進化 や 系 統 地 理 の 解明 は 非常 に 興味 深い が , この 不可 思 議 な 分 布 の 
謎 を 解く の に 重要 な 系 統 学 的 , 生物 地理 学 的 研究 の 基礎 と な る 生態 青 報 や 幼生 期 の 形態 情報 が ほとん 
ど 知 られ て いな い . そこ で 筆者 ら は . 本 種 の 生活 史 解 明 を 目的 と し て 2005 年 と 2006 年 の 2 度 に わた 

グ ァ テ マラ 高地 に お いて 本 種 の 幼生 期 お よび 成虫 の 探索 を 行っ た . その 結果 , 現地 で の 袋 掛け 飼育 に 

る 遇 期 を 除く 全 ス テー ジ の 野外 観察 , 撮影 に 成功 し た . 全 幼 生 期 お よび ゃ 成虫 の 図示 . さら pare 
記載 は お そら く 本 稿 が 最初 と な る . 本 種 は 深い 低木 林 に 囲ま れ た 浅い 峡谷 の 山道 沿い に ある 放牧 地 周 
辺 や 草地 , 伐採 地 あ る い は その 脇 の ブ ッシュ に 生息 し , は 午前 中 に 地面 近く を ゆっ くり 飛翔 , 水 た ま 
りや 馬 の 糞 尿 で 吸水 する 姿 が 日 撃 さ れ , 午後 に な る と 低木 上 で 占有 行動 が 見 られ た .\ は みよ り も 個体 
数 は 少な く , 食餌 植物 の 近く で 終日 観察 され た . また 野外 観察 か ら 本 種 は 多 化 性 で ある こと が 示唆 され 
た 


本 種 の 卵 は chorionic cell が 小さ く chorionic ridges が 厚い 点 で , ウラ フチ ベニ シジミ ミ 属 の 種 に や や 似る . 
幼虫 は 若 齢 時 で より 局 平 で , 終 齢 で は や や 人 筒 状 か つ 細 長く な る 点 で , やはり ウラ oes: ジミ 属 の 種 
に 類似 する . た だ し , MINA LY Y & © Heodes tityrus な どの 真性 ベニ シジミ 類 の よう に 全体 の 起伏 が 
55 <¢, 色彩 は 褐色 で 細か い 斑 点 を 散布 する 点 で , 黄 緑 色 で 丸く 膨張 し た 腹部 を 持つ ウラ フチ ベニ シジミ 
属 と 大 きく 異な る . 々 成虫 の 麹 表 や 2 ゃ 両方 の 玩 裏 は パプ アニ ュー ギニア 固有 の パプ アク ロ ベ ニ シジミ 
属 2 種 に か な り よ く 似 る が , \ 素 表 の 椿 円 形 中 央 棒 色 斑 の 現れ 方 は 中 国 西 部 - ヒ マラ ヤ の 高地 帯 に 固有 
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の Helleia 属 グ ルー プ に 類似 する . 一 方 , 本 種 の 食餌 植物 と し て タデ 科 の ギシギシ 属 の 一 種 が これ まで 
記録 され て いる が , 今回 の 調査 で は タデ 科 の Muehlenbeckia tamnifolia の みか ら 卵 , 幼虫 , そ の 産卵 行動 
が 観察 され た . この 情報 か ら 判 断 す る と , 本 種 と 同じ く Muehlenbeckia 属 を 食す る パプ アク ロ ベ ニ シ ジ 
ミ 属 の 種 と の 近 縁 性 が 認め られ る が , 成虫 の 形態 で も 贅 の 斑紋 や 前 脚 の 野人 節 を は じ め と する 多く の 共 
通し た 形質 を 本 種 と パプ アク ロ ベ ニ シジミ 属 が 持ち 合わ せる こと が 知ら れる . 総合 的 に 見 る と , 本 種 は 
ウラ フチ ベニ シジミ 属 や パプ アク ロ ベ ニ シジミ 属 , 中 国 - ヒ マラ ヤ 固 有 の Helleia 属 と の 類似 性 が 認め 
られ る が , 今回 得 ら れ た デー タ か ら 共 通 形 質 が 派生 的 な 状態 で ある か どう か の 判断 が で きず , 類縁 関係 
の 議論 は 難し い . また , 上 記 の パプ アク ロ ベ ニ シジミ 属 や 刀 e//c 属 グ ルー プ を 合 む 多く の 種 の 幼生 期 
が 図示 され て いな いた め , これ ら の 生活 史 の 解明 が 今後 の 課題 と な る . 


Baronia や Anetia (最も 原始 的 み ア ゲハ チョ ウ 科 と マダ ラチ ョ ウ 科 ) が 同 地 域 の 中 米 に 生息 する こと か 
ら , グ ァ テ マラ クロ ベニ シジミ は 新 世界 へ 中 生 代 白亜 紀 - 新 生 代 第 三 紀 に 侵入 し た 最も 原始 的 な 遺存 種 
で ある と Miller & Brown (1979) は 指摘 し て いる . LAL, de Jong (2003) は 化石 証拠 や 最近 の 分 子 系 統 
学 的 研究 か ら こ の 仮説 を 疑問 視 し て いる . いずれ に せよ ., 本 種 が 生じ た 歴史 的 背景 は 未 解明 の まま で あ 
る た め , 今後 は DNA に よる 分 子 系 統 解 析 も 用 いる こと で , ベニ シジミ 亜 科 全体 の 系 統 地 理 を 明らか に 
し て いく 必要 が ある だ ろう . 
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